fects on corn (Alessi and Power, 1975; Benson, 1990; to 1994. In southern Wisconsin locations, the optimum planting date Johnson and Mulvaney, 1980; Imholte and Carter, 1987; for grain yield of full-and shorter-season hybrids ranged between 1 Nafziger, 1994; Swanson and Wilhelm, 1996) . Our objecand 7 May, and was still at 95% of optimum between 9 and 18 May.
tive was to evaluate the influence of planting date and
In northern Wisconsin, the optimum planting date for grain yield of hybrids ranged between 8 and 14 May, and was still at 95% of optimum hybrid maturity on corn grain yield and harvest mois- fore growth stops because of frost, and some field-drying growing season often can limit growth and yield.
Apart from the planting date treatments, all plots were managed using practices similar to those used by producers Current planting date recommendations are summain the surrounding area of the location ( each plot were hand-harvested and moisture was determined response equation, and solving for Y. If the calculated optimum date was outside of the planting date range for each on representative ears. Grain yields were adjusted to 155 g kg Ϫ1 moisture. The experiment was not planted in Marshfield hybrid-location-year combination, then the optimum date was the same as the date of actual maximum yield. The date in 1993, due to cool, wet weather during May and June.
Five response models (linear, quadratic, plateau-plus-linat which yields were 95% of optimum Y was calculated by substituting 95% of optimum yield into the model and solving ear, plateau-plus-quadratic, and square root) were fit to replicate mean data for each hybrid-location-year combination by for x, with the latter of the two values obtained being the latest planting date. Yield changes were calculated beginning using the NLIN (Ihnen and Goodnight, 1985) or GLM (Spector et al., 1985) procedure. Planting date was expressed as day on 24 April by substituting x into the model and measuring the average rate of change over 2-wk periods. PROC GLM of year (1 May ϭ 121). Similar to Johnson and Mulvaney (1980), Nafziger (1994) , and Swanson and Wilhelm (1996) , (Spector et al., 1985) was used to analyze optimum yield, optimum planting date, date when 95% of maximum yield the quadratic model usually had the highest R 2 value and was selected for data analysis in this study. The quadratic model occurred, and daily yield changes. The planting date for switching from full-to shorter-season is defined as hybrids was calculated for various corn production systems.
Grower return is defined as where Y is the yield of grain (Mg ha
Ϫ1
) and x is the planting day ) (Duffy and Judd, 1992) . ing the first derivatives of the response equation to zero, solving for x (optimum planting date ), substituting x into the Switch date is defined as the date when the shorter-season hybrids equal full-season hybrids for grower return under variobtained by fitting the model to replicate mean data of fulland shorter-season hybrids. The switch date is when grower ous corn prices and drying cost scenarios. To accomplish this, grower returns for each production system were calculated return from the shorter-season hybrids equals that from fullseason hybrids: for each plot. The relationship between grower return and planting date was determined for full-and shorter-season hy-GR full ϭ GR shorter [4] brids for each corn production system using replicate means By substitution, for each location-year. These models were defined as
and the equation can be solved for x, the date when grower return from shorter-season hybrids equals that from full-seawhere x is the planting day of year and b 0 (intercept), b 1 (linear coefficient), and b 2 (quadratic coefficient) are constants son hybrids. PROC REG (SAS Inst., 1985) was used to calcu- late regression coefficients and the coefficient of determinaMay yielded at least 30% less than corn planted in early tion (R 2 ) for yield and grower return models of full-and May ( Fig. 1 and 2 ). During the high-production years shorter-season hybrids in each corn production system.
1991 and 1994, a clear yield advantage of 15% with early planting existed for full-season hybrids, with no strong yield drop until after 15 May (year data not shown).
RESULTS AND DISCUSSION
During 1992 and 1993, years with a cool growing season, Record state yields were observed in 1991 and 1994, grain yields declined immediately, with no advantage while 1992 and 1993 were cool with relatively low yields between full-and shorter-season hybrids, not even with statewide. Growing degree unit accumulations during early planting in April. Yields were still within 95% of the 1992 and 1993 cropping seasons were 85 and 94% the yield on the optimum planting date, even though of the 30-yr average. Optimum planting dates did not early-planted corn had some early frost damage in 1992. Both late planting date and low plant density can change between years. In all years, corn planted in late reduce yield (Nafziger, 1994; Benson, 1990) . In this Wisconsin, but grain moisture in all cases was increasing ( Fig. 1 and 2 ). study, all plots were seeded at the same density within a location-year, and usually plant density was affected Full-season hybrids usually yielded more than shorter-season hybrids planted during late April and by one or more planting dates. In this study, no obvious planting date pattern consistently affected harvest plant early May ( Fig. 1 and 2) . In southern Wisconsin, small yield changes were observed for corn planted between density. Low plant densities occurred among early, mid, and late planting dates with equal frequency.
24 April and 8 May, but for the next three 2-wk periods, yield decreased at the rate of 0.5 to 1.1, 1.3 to 1.9, and Results of this study indicate that for each location an optimum planting date for grain yield exists and that 2.0 to 2.8% d Ϫ1 (Table 2) . In northern Wisconsin, grain yield increased 0.1 to 1.6% d Ϫ1 for corn planted between planting before or after that optimum date results in a yield reduction ( Fig. 1 and 2) . At every location, grain 24 April and 8 May, but for the next three 2-wk periods, yield decreased at the rate of 0.2 to 1.7% d Ϫ1 , 1.7 to yields decreased with later planting date. Among all hybrids, the optimum planting date for grain yield 2.2% d Ϫ1 , and 3.2 to 3.8% d Ϫ1 . Yield of full-season hybrids usually declined at a greater rate than shorterranged between 1 and 7 May in southern Wisconsin and between 8 and 14 May in northern Wisconsin (Table 2) .
season hybrids. A progression of optimum planting dates was obNo differences were detected between full-and shorterseason hybrids for optimum planting dates. For fullserved across different latitudes in Wisconsin (Table 2) . Depending on location, the optimum planting date was season hybrids, grain yields were still at 95% of optimum as late as 14 May in southern and 19 May in northern between early May for southern and mid-May for north-ern Wisconsin. Optimum planting dates in southern usually affect the switch date as much as drying cost did. At most locations, switch dates were 2 to 4 d earlier Wisconsin were slightly later than those found in a study by Nafziger (1994) , who reported that the optimum with lower corn prices, but adjustments of up to 12 d were observed at Marshfield. These results are similar planting date for corn in central and northern Illinois was 27 April. In an earlier study for Illinois, Johnson to the guidelines described by Hicks (1979 Hicks ( , 1985 and Gupta (1985) . and Mulvaney (1980) reported an optimum planting date of 6 May. More recently, Swanson and Wilhelm There is still some risk with early planting dates. If corn is planted prior to 20 and 30 April in southern and (1996) reported an optimum planting date of 10 May in Nebraska.
northern Wisconsin, respectively, the decision probably should be based on soil temperature and field condiThe relationship between grain moisture and planting date was opposite the relationship between yield and tions. After 20 and 30 April, corn planting of full-season hybrids should proceed as rapidly as field conditions planting date ( Fig. 1 and 2 ). In general, as grain yield decreased with later planting date, grain moisture inallow and should be completed by 14 May for southern Wisconsin and 19 May for northern Wisconsin (Table  creased with later planting date. Corn planted on the earliest date yielded less than on subsequent planting 2). Otherwise, corn producers will suffer significant yield penalties with further delays in planting. dates in 29 of 48 hybrid environments, but often had less grain moisture (individual data not shown). Thus,
